The citrovorum factor (CF) is closely related chemically and metabolically to pteroylglutamic acid (PGA) (1) (2) (3) (4) (5) . CF replaces PGA in the nutrition of certain microorganisms (3, 6) and in some species of animals (6, 7); and also reverses aminopterin activity (3, (7) (8) (9) (10) (11) . A relationship of CF to PGA is further indicated by the increased urinary excretion of CF which occurs when PGA is fed (12-16). The hematopoietic effect of CF given to patients with pernicious anemia (17-20), or with other nutritional anemias (21, 22), or to monkeys with megaloblastic anemia induced by dietary means (23) also attests to the metabolic activity of this factor.
The citrovorum factor (CF) is closely related chemically and metabolically to pteroylglutamic acid (PGA) (1) (2) (3) (4) (5) . CF replaces PGA in the nutrition of certain microorganisms (3, 6) and in some species of animals (6, 7) ; and also reverses aminopterin activity (3, (7) (8) (9) (10) (11) . A relationship of CF to PGA is further indicated by the increased urinary excretion of CF which occurs when PGA is fed (12) (13) (14) (15) (16) . The hematopoietic effect of CF given to patients with pernicious anemia (17) (18) (19) (20) , or with other nutritional anemias (21, 22) , or to monkeys with megaloblastic anemia induced by dietary means (23) also attests to the metabolic activity of this factor.
The synthesis of CF from PGA by rat liver slices is augmented by ascorbic acid (24) . This indicates that ascorbic acid may play a role in the conversion of PGA to CF. In order to investigate the role of ascorbic acid in the metabolic relationship of PGA to CF in man, the urinary excretion of CF was determined following PGA administered orally to two patients with scurvy and to a nonscorbutic subject before, during and after ascorbic acid therapy. The results of these studies are presented and indicate that one role of ascorbic acid in man is to facilitate the conversion of PGA to CF. 1 The expenses of this investigation were defrayed in part by grants from Sharp and Dohme, Inc., West Point, Pennsylvania, and from Merck and Co., Inc., Rahway, New Jersey, to Harvard University. 2A The three subjects were observed during initial control periods of three days. Each was then given 10 mg. of PGA4 orally daily in two equal doses at 9 a.m. and 5 p.m. for from three to six days. During a third period of study of each patient, PGA was continued in the dosage stated and in addition, 1 gm. of ascorbic acid was administered daily for from six to nine days. The ascorbic acid was given orally in the cases of T. C. and J. O'C., and intramuscularly as sodium ascorbate in the case of F. O'D. in four equal doses at 9 a.m., 1 p.m., 5 p.m., and 9 p.m. PGA was then discontinued, but the basal diets and ascorbic acid continued for from six to nine days. In the case of the scorbutic patients, PGA was administered orally on a second occasion according to the same dosage schedule previously employed while ascorbic acid therapy and the basal diets were continued unchanged. Thus, the patients served as their own controls, since observations on the urinary excretion of CF following PGA taken orally were made before and after the alleviation of the scorbutic state by adequate therapy with ascorbic acid.
A final period of study in F. O'D. consisted of the oral supplementation of his diet with 10 mg. of PGA daily for six days without supplemental ascorbic acid. The final period of study in J. O'C. consisted of six days on the constant diet and was therefore identical to the initial study period in this patient.
During these studies the urine specimens were collected and immediately placed in a refrigerator. After completion of each 24-hour urine collection the daily urine vol-umes were measured, and aliquots stored in a deep freeze at -20°C. for subsequent microbiologic assay for PGA and CF activity. The microbiologic assays for CF were done according to the-method of Sauberlich (1, 12) using a synthetic crystalline material with L. citrovorum activity (leucovorin) as the reference standard, and for PGA activity by the growth response of Lactobacillus case (25) . Buffy coat ascorbic acid concentrations were measured by the method of Butler and Cushman (26) .
RESULTS
The results of these studies are presented in Figures 1, 2, and 3 . T. C., Figure 1 , a patient with scurvy, excreted about 1.2 gamma of urinary CF daily during three initial days of study. When 10 mg. of PGA were administered orally daily for three days, urinary CF excretion ranged from 9.1 to 13.3 gamma daily. One gram of ascorbic acid was then given orally daily for seven days, in addition to PGA. Urinary CF excretion was 16.9 gamma on the first day of ascorbic acid therapy and gradually increased to 110.4 gamma by the seventh day. PGA was then omitted but ascorbic acid continued. Urinary CF returned within four days to initial levels. After six days PGA was given again in addition to ascorbic acid. On this occasion on the first day of PGA administration urinary CF was 93.9 gamma, and averaged 132.6 gamma daily during the three additional days of the final study period.
The second patient with scurvy, F. O'D., Figure during the first three days of study. Urinary CF ranged from 7.9 to 16.1 gamma daily when 10 mg. PGA were given orally daily for six days. During the next six days of study, 1.0 gm. of ascorbic acid was given intramuscularly daily to this patient in addition to PGA. Urinary CF was 12.6 gamma on the first day of ascorbic acid therapy, 15.2 gamma on the second day, and ranged from 61.8 to 129.3 gamma daily for four additional days. Ascorbic acid was then continued, but PGA omitted for six days. Urinary CF returned promptly to initial levels. For the next six days, PGA was again given in addition to ascorbic acid. The readministration of PGA was accompanied on the first day of this medication by the urinary excretion of 77.9 gamma of CF, 69.7 gamma on the second day, and 72.5 to 106.0 gamma daily for four additional days of this study period. Finally, ascorbic acid was discontinued, but PGA continued for five days during which time urinary CF excretion averaged 49.3 gamma daily.
J. O'C., Figure 3 , a non-scorbutic control patient, excreted approximately 0.9 gamma of urinary CF daily during the first three days of study. When 10 mg. of PGA were given orally, urinary CF excretion rose promptly to 41.8 gamma on the first day and averaged 54.3 gamma daily during the six days of PGA administration. One gram of ascorbic acid was then given orally daily for six days in addition to the PGA. Urinary CF excretion was immediately further increased, and averaged 116.1 gamma daily for this period. Then for nine days, ascorbic acid was continued alone. The urinary CF excretion gradually decreased to 3.0 gamma daily. The urinary CF excretion during a final period of study which was comparable to the initial study period was again very low, ranging from 1.9 to 2.9 gamma daily. DISCUSSION A small amount of CF was excreted in the urine by the two patients with scurvy before PGA administration and was slightly increased by the oral administration of PGA before ascorbic acid therapy. However, maximal urinary CF excretion occurred in these patients only when both PGA and ascorbic acid were given. The relatively small increases in urinary CF excretion which were observed in the scorbutic patients when PGA alone was given during the scorbutic state or during the first several days of combined ascorbic acid and PGA therapy, which has also been noted by others (16) , is in marked contrast to the immediate and large increases in urinary CF excretion which occurred in these same patients given PGA following adequate therapy with ascorbic acid. A prompt and great increase in urinary CF occurs when PGA is given orally to normal subjects and this increase is further augmented by the administration of ascorbic acid (14, 16) . Similar results were obtained in the present study of a non-scorbutic subject during six days of PGA administered orally alone, and then six days of combined PGA and ascorbic acid. Thus the findings in the patients with scurvy given PGA are also markedly different from those observed in the non-scorbutic individual. However, following adequate therapy with ascorbic acid, these patients responded to PGA administration in a manner similar to that observed in the non-scorbutic individual. The failure to observe high urinary CF values in the three subjects studied during those periods of dietary supplementation with ascorbic acid alone indicates that the maximal increases in urine CF excretion observed when both PGA and ascorbic acid were given cannot be attributed to an effect of ascorbic acid upon the constituents of the diets provided.
Large amounts of PGA are known to stimulate the growth of L. citrovorum (1) . Since the CF values varied independently from the constant intakes of PGA, it is unlikely that the urinary excretion of PGA in large amounts following its oral administration accounts for the observed alterations in urinary CF excretion. This is obvious from comparing the urine CF values obtained in the patients with scurvy before and during ascorbic acid therapy. Likewise, the urine CF values were not related directly to ascorbic acid administration. However, in order further to validate the microbiologic assay of the urines studied for CF activity content, all urine specimens were assayed for PGA and ascorbic acid content. Although the urines obtained during periods of PGA administration contained very high concentrations of PGA, in no case was this of sufficient magnitude, taking into account the dilution factors used in the assays for CF, to allow for growth stimulation of L. citrovorum. Likewise, ascorbic acid alone or in combination with PGA in the concentrations encountered in the urines studied failed to replace CF for the growth of L. citrovorum.
The urinary CF excretion pattern observed in patient T. C., Figure 1 , might suggest that initial saturation with PGA may be necessary before maximal urinary CF excretion occurs. The urinary PGA excretion data do not, however, indicate an initial retention of PGA. In fact, the quantities of PGA excreted were comparable before and after ascorbic acid therapy. Illustrative data obtained in one of the patients studied are presented in Table I . The failure to observe a gradually increasing CF excretion in patient F. O'D., Figure 2 , during six days of PGA administration before ascorbic acid therapy also makes it unlikely that the gradually increasing urinary CF excretion noted in patient T. C., Figure 1 , would have occurred even if ascorbic acid had not been given.
The results of the PGA assays on the urines also demonstrate that the failure of maximal urinary CF excretion to occur in the scorbutic state is not related to a failure of absorption of the orally administered PGA in the absence of ascorbic acid since in both patients with scurvy, large amounts of urinary PGA were excreted daily before ascorbic acid therapy (Table I) .
The relatively small but significant increase in urinary CF excretion noted in the patients with scurvy given PGA orally is not readily explained. The results of these studies indicate that PGA is closely related metabolically to CF in adult man, in confirmation of similar findings by others (12) (13) (14) (15) (16) . In addition, the data presented indicate that 759 ascorbic acid greatly facilitates the conversion of PGA to CF, and suggest that one of the biochemical functions of ascorbic acid in man is to take part in the biosynthesis of CF from PGA.
SUMMARY AND CONCLUSIONS
The urinary excretion of CF was determined microbiologically following PGA administered orally to two men with scurvy and to one non-scorbutic adult before, during and after ascorbic acid therapy.
A small amount of CF was excreted by the patients with scurvy and by the non-scorbutic subject during the initial control period. Urinary CF was increased slightly when PGA was administered orally to the patients during the scorbutic state. However, maximal CF excretion, comparable to that observed in the non-scorbutic individual, occurred in the patients with scurvy only after adequate therapy with ascorbic acid.
The data indicate that CF is metabolically related to PGA, and that one role of ascorbic acid in man is to provide for the conversion of PGA to CF.
